Plant polysaccharides exert a wide range of biological effects on the intestinal function. In this study, four polysaccharides containing β-D-Glup, including Dendrobium officinale polysaccharide (DOP), Dendrobium aphyllum polysaccharide (DAP), and glucans from yeast (G-Y) and barley (G-B), were investigated in vitro for their intestinal-promoting functions such as inhibition of digestive enzymes, effect of blood glucose and blood lipid levels by using ultraviolet spectrophotometry, as well as the relationship of their structures to those functions. The results indicated that all polysaccharides significantly slowed glucose diffusion rate, decreased protease, and pancreatic lipase activities. Increased branching degrees had a deleterious effect on the α-amylase activity but increased bile acid binding. Increased calcium concentration in glucans (G-Y and G-B) and increased mannose molar ratio in Dendrobium polysaccharides (DOP and DAP) were correlated with increased pancreatic lipase inhibition. The polysaccharides with higher glucose content and branching degrees had higher bile acid binding and disruption of cholesterol micelle formation. These polysaccharides exerted a variety of potential health-promoting effects attributed to their different structures, which should be further investigated in vivo.
Introduction
Currently, many studies highlighted the remarkable effects of polysaccharides on intestinal functions. [1] For example, Jin found that polysaccharide administration could significantly upregulate occludin, nuclear factor-κB p65, and secretory immunoglobulin A expression in the ileum. [2] Huanga reported that sage weed polysaccharide extracts might play a role in intestinal health maintenance by reducing the exposure of intestinal mucosa to toxic materials and other harmful compounds. [3] Yang's results indicated that Lycium barbarum polysaccharides might protect against ischemia-reperfusion injury (IRI)-induced intestinal damage, possibly by inhibiting IRIinduced oxidative stress and inflammation. [4] Red microalga Porphyridium sp. polysaccharides increase the cross-sectional area of the mucosa and muscularis layers in the jejunum and cause hypertrophy in the muscularis layer. [5] Moreover, Dendrobium candidum polysaccharides can regulate the balance of intestinal microbiota and intestinal enzyme activity, optimize the intestinal environment. [6] Polysaccharides can lower blood sugar and cholesterol levels by inhibiting the activity of digestive enzymes. [6] Dendrobium has been a traditional health-promoting medicine and food source for many decades in Asia. [7] Based on diverse reports, many functional substances have been found in D. officinale, a high proportion being polysaccharides with positive bioactivities, such as antioxidant activities, immunoregulation, and the treatment of Sjogren's syndrome; while demanding cultivation contributes to a fairly high price in the current market. [8, 9] In a previous study, high levels (yield 38.15% ± 0.20) of a novel polysaccharide (named as DAP) in D. aphyllum; and DAP structure was very similar to that of D. officinale polysaccharide (DOP). [10] Meanwhile, the results of our previous comparative analysis of the structure-function relationships of these four polysaccharides during in vitro gastrointestinal digestion highlighted that the spatial structures of carbohydrates changed during gastric digestion. However, their primary structures were destroyed during intestinal digestion. [1] These four polysaccharides (DAP, DOP, G-Y, and G-B) all contain glycosidic bonds that mainly contain β-D-Glcp. In terms of differences, their spatial structures and molecular weights vary, the molar ratio between DOP and DAP is different; and the structure of G-B is 1,4-linked-β-D-Glcp combined with 1,3-linked-β-D-Glcp, whereas G-Y contains 1,3-linked-β-D-Glcp combined with long β-1,6 branches.
Polysaccharides are challenging to be absorbed in the intestinal tract due to their high molecular weight, so they can quickly react with digestive juices and enzymes or be utilized by the intestinal flora. [11] Therefore, the four polysaccharides may lower blood glucose and blood lipid levels in vitro, and their structure-activity relationships were discussed. These plant polysaccharides can affect intestinal solutes and enzymes, and we hypothesized that their structures could influence their specific biological effects. Therefore, the aims of this study were to: a) investigate the in vitro effects of novel polysaccharides DAP, DOP, G-Y, and G-B on intestinal function, including glucose diffusion, digestive enzymes activities, binding effects on bile acids, and cholesterol-micelle disruption; b) characterize the differences between the four polysaccharides on in vitro intestinal functions in order to infer the relationship between their structures and intestinal functions. This experiment can be a reference for further study of digestion in vivo.
Materials and methods

Chemicals and samples
Fresh samples of D. aphyllum (1 kg) were collected from the Good Agricultural Practices farm located in Xishuangbanna, Yunnan province, China. These samples were authenticated by experts from the Department of Life Sciences, South China Agricultural University. DOP (UV ≥ 85%) was obtained from Solarbio (Beijing, China), β-glucans from yeast (G-Y) (BR, > 80%) and barley (G-B) (HPLC, > 95%) were purchased from Guangzhou Qiyun Biotechnology Co., Ltd. (Guangzhou, China) and Sigma (St. Louis, MO, USA), respectively. The structures of those three polysaccharides were characterized and performed in the s-Table1 in the supplementary information. The pancreatic α-amylase solution was purchased from Guangzhou QiYun Biotechnology Co., Ltd. Lipase (pig pancreatic Type II), bile acid mixture (T0750, 7.2 mM), and pig pancreatic enzyme (P1500, 10 mg/ mL) were purchased from Sigma. Simvastatin was purchased from Dalian Meilun Biology Technology Co., Ltd. (Dalian, China). All other chemicals and reagents used were of the highest analytical grade commercially available.
Sample preparation
DAP was collected, as described in our previous study. [10] The collection protocol for DAP is as follows: fresh D. aphyllum samples were washed thrice. Next, the sample was washed four times with 700 mL ultrapure water (1:70, w/v) at 85°C for 4.5 h in a water bath. The Sevag method was used to obtain the protein-free solution, which was then concentrated and precipitated by adding two volumes of 95% ethanol at 4°C overnight. The crude DAP (cDAP) was obtained by lyophilization. Sample of cDAP solution was loaded onto a DEAE-Sepharose Fast Flow chromatography column to get the DAPa fraction. DAPa was dissolved in ultrapure water and was loaded onto a Sephadex G-200 chromatography column. DAPa was washed with ultrapure water. Following elution and lyophilization similar to the above method, a total of DAP fraction was obtained. All samples, including DAP, DOP, G-Y, and G-B were stored at −20°C until use.
Determination of viscosity
All samples were measured using a DV2T viscometer (Brookfield Engineering, Middleboro, MA, USA). The viscometer was equipped with a rotor (NO. 63, Brookfield Engineering, Middleboro, MA, USA). Samples in 2.5 mg/mL and 10 mg/mL were determined using the rotor. The rotation speed was set to 200 rpm at 37°C for 1 min. All analyses were carried out in triplicate.
Evaluation of glucose diffusion in glucose-polysaccharide system
The evaluation of glucose diffusion in a glucose-polysaccharide system was determined according to the method of Hu et al. [12] with some modifications. The glucose-polysaccharide system comprised glucose (100 mmol/L) and sample solution (either G-B, G-Y, DOP, or DAP, at three concentrations, 0 mg/mL, 2.5 mg/mL and 10 mg/mL). This solution (5 mL) was placed in dialysis bags with an 8000-14000 Da of molecular at 37°C, pH = 7, then underwent dialysis in deionized water. The glucose content in 0.5 mL of the dialysate was determined after 1, 2, 3, 4, 5, and 6 h. The glucose content was determined by the phenol-sulfuric acid method. [13] All analyses were carried out in triplicate.
The maximum diffusion velocity of glucose (V max ) was calculated as follows. The experimental data were fitted with a parabolic equation:
where y is the glucose content (mg/mL); x is time (h); and a, b, and c are coefficients. The equation to calculate the diffusion rate (dy/dx) at any time is dy/dx = 2ax + b. When x is close to 0, dy = V max = b.
Measurement of enzyme activities
The following activities were determined according to the method of Hu et al. with some modifications. [12] α-amylase activity Pancreatic α-amylase solution (0.1 mL) was mixed with 1% potato starch solution (2 mL) and sample solution 0.4 of mL (either G-B, G-Y, DOP, or DAP, at three concentrations, 0mg/mL,2.5 mg/mL and 10 mg/mL) at 37°C for 1 h. The reaction was stopped by adding 2 mL of 0.1 mol/L NaOH. After centrifugation (4800 g, 10 min) (L600, Cence Test Instrument Co., Ltd., Hunan, China), the final glucose content in the supernatant was determined using the dinitrosalicylic acid method. [14] All analyses were carried out in triplicate.
Protease activity
Bovine serum albumin solution (0.1 mL, 1%), 0.5 mL of sample solution (either G-B, G-Y, DOP, or DAP, at three concentrations, 0mg/mL, 2.5 mg/mL and 10 mg/mL), and 0.1 mL pepsin solution (1 mg of pepsin per 1 mL of 0.02 mol/L HCl) were mixed at pH 3.0, 37°C for 30 min. Controls contained deionized water in place of the sample solution. The reaction was stopped by adding 0.9 mL 5 % trifluoroacetic acid followed by centrifugation (4800 g, 10 min) (L600, Cence Test Instrument Co., Ltd., Hunan, China). The residual protein concentration in the supernatant was determined by the Coomassie brilliant blue method. [15] Coomassie brilliant blue G-250 was employed as chromogenic agent to quantify the protein, measuring the absorbance at the wavelength of 595 nm. The digestibility of proteins was measured to determine pepsin activity. All analyses were carried out in triplicate.
Pancreatic lipase activity
Pancreatic lipase activity was determined with soybean oil as a substrate(1 mL), 5 mL phosphate buffer solution (0.1 mol/L, pH 7.2) and 1 mL of sample solution (either G-B, G-Y, DOP, or DAP, at three concentrations, 0mg/mL,2.5 mg/mL and 10 mg/mL), stirred for 10 min at 37°C. Then 1 mL lipase solution (0.71 mg/mL, pig pancreatic Type II) was added. The reaction mixture was slowly stirred at 37°C for 1 h. The reaction was stopped in a 5 min boiling water bath and then centrifuged (4800 g, 10 min) (L600, Cence Test Instrument Co., Ltd., Hunan, China), after being cooled in flowing water. The amount of free fatty acids in the reaction mixture was measured by titration with 0.05 mol/L NaOH and phenolphthalein as an indicator. The activity of pancreatic lipase was determined by measuring the production rate of free fatty acids. All analyses were carried out in triplicate.
Bile acid binding ability
To simulate digesting gastric juice, 0.5 mL of sample solution (either G-B, G-Y, DOP, or DAP, at three concentrations, 0 mg/mL, 2.5 mg/mL, and 10 mg/mL) and 0.25 mL of 0.01 mol/L HCl were placed at 37°C with stirring for 1 h. The reaction was stopped by 0.1 mL of 0.1 mol/L NaOH. Then, 1 mL of bile acid mixture (T0750, 7.2 mM) was added and immersed. 2 mL of pig pancreatic enzyme solution (P1500, 10 mg/mL) was added and the mixture placed at 37°C for 1 h. The mixture was precipitated with 5 volumes of ethanol and centrifuged (4800 g, 10 min) (L600, Cence Test Instrument Co., Ltd., Hunan, China). [12] The supernatant (1 mL) was added to 9 mL 45% (v/v) sulfuric acid and heated in a 70°C water bath for 20 min. Subsequently, the mixture was placed in an ice bath for 5 min, and absorbency measured using a spectrophotometer (TU-1900, Persee Co., Ltd., Beijing, China) at 387 nm. [16] The positive control was simvastatin. The polysaccharides' ability to bind bile acids was compared with simvastatin (defined as 100). All analyses were carried out in triplicate.
Cholesterol-micelle disruption
A cholesterol-micellar solution containing taurocholate (6.6 mM), lecithin (2.4 mM), cholesterol (0.5 mM) and sodium chloride (132 mM) in a phosphate buffer (15 mM, pH 6.3) was mixed and incubated at 37°C for 1 h. Cholesterol separated from the micelle solution by mixture addition can be precipitated by centrifugation (4800 g, 10 min) (L600, Cence Test Instrument Co., Ltd., Hunan, China). The supernatant was filtered through 0.22 μm Millipore (MilliporeSigma, Burlington, MA, USA). [17] Cholesterol content in the filtrate was determined by the o-phthalaldehyde method. [18] Samples mixed with 90% acetic acid at 1:6 (v/v). 0.1 ml of phthalaldehyde reagent and 2 mL H 2 SO 4 were used as chromogenic agents to determine cholesterol. The absorbance was monitored at a wavelength of 550 nm for 20 min.
Calcium and iron concentrations 10 mg of samples (DOP, DAP, G-B, G-Y) were weighed in a beaker, then moistened with 5 ml water and 8 mL concentrated nitric acid added. The sample was heated and dissolved on a heating plate. After the dissolution finished, 5 mL of double distilled water was added, then it was reheated on the hot plate for 3 to 5 minutes, and the solution fixed in a 25 mL volumetric flask. Calcium and iron concentrations were measured by ICP-OES (NexION 300, Perkin Elmer., MA, USA).
Statistical analysis
Data are expressed as the mean ± standard deviation (SD) of three replicates. Significant differences between means were calculated using Duncan's multiple-range test with SPSS 17.0 software (IBM, Armonk, NY, USA). p < .05 was considered to indicate statistical significance.
Results and discussion
Viscosity determination
The viscoelastic properties in a dispersed system can be employed to identify the structure of macromolecules, and viscosity is proven to be one of the most important factors influencing the intestinal functions of polysaccharides. [19] Therefore, initially, the viscosity of the four polysaccharides was determined. There was a positive relationship between both particle size and molecular weight with viscosity in DOP and DAP, both polysaccharides with 1, 4-linked-β-D-glucomannan (Table 1) . G-B and G-Y contain β-D-Glcp with different types of glycosidic bond, they had a positive relationship between molecular weight and viscosity at low concentration (2.5 mg/mL), whereas at relatively high concentration (10 mg/mL), the larger the particle sizes (G-B was 1379 ± 7.78 nm, and G-Y was 609.4 ± 5.62 nm) (S-Table 1), the higher the viscosity (G-B was 3.66 ± 0.12 cP, and G-Y was 1.19 ± 0.12 cP) ( Table 1 ). When the concentration increased from 2.5 mg/mL to 10 mg/mL, the viscosity of glucomannose (DAP and DOP) increased, whereas the viscosity of glucans decreased. Electrostatic interactions affect viscosity at high polysaccharide concentration [20] , in line with our results. It may be the specific spatial structures that contribute to different dose-dependent effects on viscosity. Based on scanning electron microscopy, DOP appearance is foliated, rock-like with chaps on the surface, and DAP is filiform-shaped; these structures with abundant spaces may result in increased viscosity when concentration increases. [1] In terms of G-B and G-Y, which respectively had a nebula-like shape with surface microgrooves, and an arc-shaped sheet structure, their relatively planar surfaces may lead to decreased viscosity when concentration increases, because the shear force is relatively lower.
Calcium and iron concentrations
Calcium and iron concentrations were determined in the polysaccharides ( Table 2) . DOP contained the highest calcium ion concentration, and G-Y had the highest iron ion concentration. Elemental metals are found in various polysaccharides, for example, calcium ions are in the polysaccharide of the seeds of Plantago asiatica [21] , and boron and calcium are in the pectic polysaccharides of higher plant cell walls. [22] Some authors report that the presence of elemental metals affects polysaccharide intestinal function. [23] Calcium ions were found to mainly affect the lipid digestive process [24] , in which calcium reacts with liberated free fatty acids using ionic complexation, thereby removing them from the surface of the lipid droplets and preventing them from inhibiting lipase activity. [25] Therefore, we conclude that the different contents of calcium and iron in our four polysaccharides may affect their intestinal functions to some extent. 
Effects on glucose diffusion and α-amylase activity
Many studies indicate polysaccharides, especially those with high viscosity, can bind and adsorb glucose, leading to relatively low glucose levels in the intestine. In this study, the maximum velocity of glucose diffusion in a glucose-polysaccharide system was evaluated (Table 3) , and the diffusion rates of glucose with all four polysaccharides at both concentrations were significantly (p < .05) lower than the control; and DOP had the best binding or adsorbing capacity for glucose. The glucose diffusion rate with each polysaccharide was generally in line with polysaccharide viscosity. Glucose can be embedded in a porous network [26] ; and porous networks with obvious gaps and large cavities have more significant capillary action, form a larger specific surface area and have better adsorption performance. [27] Therefore, we could conclude that the polysaccharides with abundant cavities and high viscosity may have increased glucose binding or adsorbing activities and therefore, lower glucose diffusion rate. α-amylase can increase glucose levels. [28] As compared to the control group, DOP and DAP significantly decreased α-amylase activity, and DOP had the most significant effect, indicating that the polysaccharides containing 1,4-β-D-glucomannan were able to lower α-amylase activity. As the concentration of DOP and DAP increased, the viscosity increased, resulting in a decreased α-amylase activity. However, the glucans had different characteristics as compared with the control group, G-Y had no significant (p < .05) effects on α-amylase activity, but G-B at 10 mg/mL could significantly lower (p > 0.05) α-amylase activity ( Table 4 ). It was reported that many structureassociated factors, especially the composition of monosaccharides and the uric acid level, can vary the activities of digestive enzymes. [29] The types and quantities of exposed side groups in polysaccharides could be an influence on their interactions with glucose. [30] For example, a larger number of free carboxyl groups has a negative effect on α-amylase activity. [31] Also, because of the expansive phenomenon, the exposure of polar and non-polar groups increased, leading to increased interaction between polysaccharides and glucose molecules. [30] One mechanism for polysaccharides to restrain α-amylase activity may be the binding effect of amylase on polysaccharides. [32] In this Table 2 . Calcium and iron concentrations of the polysaccharide from G-B, G-Y, DOP, DAP. †.
Sample
Calcium(mg/L) Iron(mg/L) G-B 1.794 ± 0.021c ‡ 0.068 ± 0.005b G-Y 0.808 ± 0.034a 0.290 ± 0.007d DOP 2.450 ± 0.063d 0.224 ± 0.006c DAP 1.016 ± 0.087b 0.043 ± 0.003a †Data are expressed as mean ± SD (n = 3). Ⅱ Different letters (a, b, c, d,) in the same row indicate significant difference between different treatments (p < 0.05). study, taking the structure-associated physical properties of the four polysaccharides into consideration, it may be that 1,3 glycosidic bonds and relatively low viscosity had little influence on α-amylase activity, while the branching degree especially had great negative effect on α-amylase activity.
Meanwhile, cavities in polysaccharides may facilitate the insertion of α-amylase or amylase into polysaccharides. [26] Effects on protease activities At all polysaccharide concentrations (2.5 and 10 mg/mL), all four polysaccharide treatment groups had significantly lower protease activity (p < .05) than the control group (Table 5 ). G-Y at low concentration and DOP at high concentration had the strongest protease inhibitory effect. This highlights that these polysaccharides reduce in vitro protein digestibility to some extent, possibly not because of viscosity, but their monosaccharide compositions, that the polysaccharides with a higher mannose content had a weaker inhibitory effect on protease activity. Other polysaccharides also decrease protein digestibility, such as polysaccharides from Astragalus, Lycium barbarum, cortex phellodendri, radix Sophora flavescens, radix codonopsis, and inulin. [33] Some polysaccharides directly inhibit the enzymatic activities of digestive enzymes [34] , but the interactions between carboxylic and amino groups on the peptide chains of proteins and the negatively charged groups on polysaccharides can also prevent protein hydrolysis. [35, 36] Despite some studies demonstrating the role of viscosity in polysaccharide reduction of protein digestibility [37] , in our results, there was little relationship between polysaccharide viscosity and protease activity. Therefore, there may be multiple mechanisms by which polysaccharides affect protease activity, and protein digestibility can be concluded.
Effects on pancreatic lipase activity
Pancreatic lipase is responsible for digestion and absorption of triglycerides, and its targeted inhibition is one of the most studied reference methods used to determine the potential of natural products to inhibit dietary fat absorption. Indeed, decrease energy intake from dietary fat through inhibition of this enzyme is an essential strategy adopted to prevent and treat obesity. [38] In this study, pancreatic lipase activity was analyzed after polysaccharides addition, and all polysaccharides significantly (p < .05) decreased pancreatic lipase activity, with inhibitory effects that were proportional to the concentration of polysaccharides (p < .05) ( Table 6 ). As we mentioned above, calcium reacts with liberated free fatty acids using ionic complexation, thereby removing them from the surface of the lipid droplets and preventing them from inhibiting the lipase activity, and therefore calcium concentration has a negative dose-dependent inhibitory effect on pancreatic lipase. [39] In this study, two elemental metals were investigated, and in polysaccharides containing β-D-glucans (G-Y and G-B), increased calcium concentration correlated with increased inhibition of pancreatic lipase activity; and there was no evident correlation between both calcium and iron concentration with lipase inhibitory capability in polysaccharides containing 1,4-linked-β-D-Glcmanp (DAP and DOP). However, Hu and co-authors [12, 40] suggest that polysaccharide structure, including monosaccharide composition, glycosidic bonds, and anionic groups, can inhibit pancreatic lipase activity, therefore it could be inferred that the molar ratio of 1,4-linked-β-D-Glcmanp can affect the activity of pancreatic lipase, as an increasing percentage of mannose decreased pancreatic lipase activity. It could be thought that further investigation is needed to unveil the relationship between ions concentration and inhibitory effects of polysaccharides with the different structure on pancreatic lipase activity.
Effects on the binding ability of bile acids in vitro
It was reported that simvastatin was able to improve bile acid excretion and meanwhile, interrupt cholesterol absorption. [41] Therefore, simvastatin was employed as the positive control group, which was expected to bind a considerable amount of bile acid (Table 7) . At low concentration (2.5 mg/ mL), only glucans (G-Y and G-B) had significantly (p < .05) higher binding of bile acids than the control. While at high concentration (10 mg/mL), both the glucans and DAP had a significant (p < .05) increase in bile acid binding over control. Some authors found that the bile acid binding ability of a polysaccharide is related to their anionic, cationic, physical, and chemical structure. [12, 16] For instance, polysaccharides with highly branched heteroxylan and high viscosity readily bind bile acids through molecular association, resulting in health-promoting effects that increased fecal excretion. [21, 42] In this study, we observed a weak relationship between viscosity and binding affinity, but a robust correlation between binding ability and the type of glycosidic linkages and monosaccharide composition. In detail, the glucans containing 1,3-β-D-Glup had remarkable binding effects on bile acids, and the polysaccharide with a highly branched 1,6-β-D-Glup structure (G-Y) performed better, which may result from the highly branched glucan backbone enhancing interaction with bile acids. [12] Taking glucose concentration into consideration, it appears a monosaccharide composition with high glucose molar ratio enhanced binding effects. Glucose content in DAP is higher than DOP, and at high concentration, DAP bound bile acids significantly more than control (p < .05), meanwhile both glucans (composed of glucose) had high bile acid binding activity.
Effects on disruption of cholesterol-micelle in vitro
During the digestion of cholesterol in the intestine, cholesterol-micelle formation is key to the absorption of cholesterol. [43] Therefore, the cholesterol-micelle disruption could facilitate the escape of cholesterol from the absorption pathway in the digestive system, and cholesterol could be excreted in the feces, resulting in a lower cholesterol level in the body. Some authors found that the dose, viscosity, and molecular weight of polysaccharides were the important factors to lower the cholesterol level in the blood. [27] In this study, the concentration of unbroken cholesterol-micelle and therefore, characterized the disruption capability of the polysaccharides on cholesterol-micelle were determined. At low concentration (2.5 mg/mL) only glucans significantly (p < .05) decreased unbroken cholesterol-micelle concentration, and G-Y had the highest disruption activity (Table 8) ; at high concentration (10 mg/mL), both glucans and DAP significantly (p < .05) lowered the percentage of cholesterol-micelle. These data were in line with the results of these four polysaccharides binding effects on bile acids, indicating a close correlation between binding bile acids and lowering cholesterol absorption. These tendencies are in line with previous research. [44, 45] Meanwhile, it could be inferred that the branching degree and monosaccharide molar ratio also 2.61 ± 0.00b 119.74 ± 0.00b †Data are expressed as mean ± SD (n = 3). ‡The relative bile acids binding ability of the G-B, G-Y, DOP, DAP was determined by the total amount of bile acids bound by G-B, G-Y, DOP, DAP over the control (using simvastatin at 2.5,10 mg/ml), for which its ability was defined as 100%. § Different letters (a, b，c) in the same column indicate significant differences between different treatments (p < 0.05).
affected the disruption of cholesterol-micelle by polysaccharides; structures with a high branching degree and glucose percentage showed great blocking capability against cholesterol-micelle. It was reported that glucans could reduce the solubility of cholesterol colloids and cause the breakdown of cholesterol [44] , and especially that arabinoxylan containing 1,3/1,4-β-D-glucans can lower the content of cholesterol and fat [46] ; these results are in line with our data.
Discussion
In this study, intestinal functions of four polysaccharides containing β-D-Glup, including polysaccharide purified from D. officinale and D. aphyllum, and glucans isolated from yeast and barley, were investigated in vitro, as well as the relationship between structure and intestinal functions. Viscosity was closely correlated with molecular weight, particle size, and most importantly, cavity content. Besides, calcium and iron were detected in these four carbohydrates, with the highest calcium content in DOP, and the most abundant level of iron in G-Y. Intestinal functions were characterized, and the results indicated that these polysaccharides could significantly improve intestinal functions, including significantly lowering glucose levels, and protease and pancreatic lipase activities. DOP, with high viscosity and abundant cavities, performed the best at lowering glucose diffusion rate and α-amylase activity, and G-Y with branched 1,6-linked-β-D-Glcp showed a promising binding effect on bile acids and had a remarkable blocking capability against cholesterol absorption. In this study, it can be in general concluded that these carbohydrates exert a variety of potential health-promoting effects attributed to their different structures: (a) branching degree negatively affected α-amylase activity; abundant cavity spaces may result in higher viscosity, lowering glucose diffusion rate, and depressing α-amylase activity; (b) there may be multiple ways in which polysaccharides affect protease activity and protein digestibility; (c) calcium concentration in β-D-glucans and the mannose molar ratio in 1,4-linked-β-D-Glcmanp polysaccharides positively correlate with inhibitory effects on pancreatic lipase in a dose-dependent manner; (d) polysaccharide structures with branched Glcp and a higher glucose molar ratio presented excellent binding affinities for bile acids, and lowered intestinal cholesterol absorption. Our hypothesis that these polysaccharides would have structureassociated in vitro intestinal functions was confirmed, and whether they can affect blood sugar and cholesterol in intestinal functions in vivo can develop a further study by using an animal model.
Highlights
Dendrobium spp. polysaccharides reduced glucose diffusion and α-amylase activity ·Barley and yeast glucans inhibited lipase activity and cholesterol absorption ·Functional properties of polysaccharides were related to their molecular structure ·The health-promoting effects of these polysaccharides argue for in vivo studies 
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